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In recent times the use of mobile telephones has accelerated,
resulting in an increasing exposure of the environment to
weak radiofrequency (RF) fields, transmitted from these
devices.
Inprcv:ousworkwcshowedthatcellgrowthlsaffectedby
exposure to weak electromagnetic (ELF) fields'.
Consequently the next thing to investigate was, if EM fields
generated by microwave radlatxon.wwldhaveasxmdareﬁ‘ect
on cell proliferation.

The field was generated by signal simuiation of the Global
System for Mobile communications (GSM) of 960 MHz. Cell
cultures, growing in microtiter plates, weré exposed in a
specially constructed chamber, a Transverse Electromagnetic
(TEM) cell. The Specific Absorption Rate (SAR) valus for
each cell well were calculated for this exposure system?,
Experiments were performed on cell cultures of transformed
human epithelial amnion cells (AMA), which were exposed
in the TEM cell to 960 MHz microwave fields at 3 different
power levels. The cells, growing in- microtiter plates in
monolayer cultures, were exposed for 20, 30 or 40 min
respectively. Cell proliferation was determined immediately
before exposure and again after a 24 hours’ growth period. It
was found that cell growth in the exposed cells differed from
that in the control and sham exposed. cells and a decrease in
cell growth was seen. Cell proliferation during the period
following exposure not only varied with. the various SAR
levels, but also with the length of exposure time. On the
other hand repeated periods of exposure did not seem to

. change the effects. < There was a general linear correlation

between power level and growth changes. .

However, the exposure time required to obtain the maximum
effect was not the same for the various power levels. It turned
out that at low power level the maximum effect was first
reached after a longer exposure time than at higher power
level. A similar phenomenon was registered in our studies on
ELF electromagnetic fields’. Here we found that there was a
linear correlation between the length of exposure time to
obtain maximum effect and the field strength. The
explanation could be found in terms of "window” effects or
adaptation.

fA’fC; PN a?/ 02,/¢\ o.az/mw//a_

slogn~,

E36

2 toat e 'Y/’Aaé Yy 2z

7""""‘?'/-3/ GF.

1. S. Kwee and P. Rasmark: Changes in cell proliferation due
to environmental non-ionizing radiation, 1. ELF
eleummagncuc fields. Bmelectrochem Bioenerg. 36 (1995)
109. :
2. K. V. Steffensen, P. RaskmarkandG F. Pedersen: FDTD
calculations of the EM-field distribution in a microtiter
suspension well. Proceedings of the 244 COST meeting on
"Biological effects relevant to amplitude ~modulated RF
Jields”™, Kuopio, 1995.

3. S. Kwee and P. Raskmark: The minimizing effect of
electromagnetic noise on the changes in cell proliferation
caused by ELF electromagnetic fields. Proceedings of the 3rd
International Congress of the European Bioelectromagnetics
Association. Nancy 1996.

USE OF NON-MAMMALIAN MODEL SYSTEMS TO

INVESTIGATE MECHANISMS MEDIATING
BIOLOGICAL INTERACTIONS WITH
ELECTROMAGNETIC FIELDS. D.M. Binninger.

Department of Biological Sciences, Florida Atlantic
University, Boca Raton, Florida 33431, USA.

The question of whether power frequency (60 Hz)
electromagnetic fields (EMF) present a health risk to humans
remains highly controversial. While a variety of biological
responses to EMF under laboratory conditions have been
reported, the molecular mechanisms that mediate these
phenomena remain elusive. Insight into the biochemical and
genetic mechanisms that transduce EMF into biologically
responsive signals is critical for clarifying the putative role of
EMF in the development of certain human cancers.

The yeast Saccharomyces cerevisiae is an ideal model
organism for studying molecular mechanisms of eukaryotic
gene expression.  This single-celled fungus is highly
amenable to traditional genetic techniques. Additionally,
recombinant DNA techniques are available for yeast which
are not yet technically feasible with more complex cells,
especially those of humans, While completion of the Human
Genome Project remains at least 5-10 years away, the DNA
sequence of the entire yeast genome is now available. Thus,
experimental approaches can be designed using yeast which
are not available for the other model organisms typically used
in EMF studies.

Has studying yeast actually contributed to our understanding
of cancer in humans? An uncxpected outcome of cloning
human genes has been the discovery that many cancer-related
genes are very similar in all eukaryotes—from yeast to
humans. Numerous human genes involved in regulating cell
growth and are defective in human cancers were first
identified as CDC (cell division control) genes in yeast. First
identified in genetic studies using yeast, molecalar clones of
the yeast genes were then used to identify the homologous
genes'in humans. There is an ever-increasing list of human
cancer genes that have structural and functional homologies

D Reported by Pr-Hary

oo aHennhe & oetnsion
» ol Ui afwn;/e zﬁed#h WA



L

[

rE
4
]

57}7 The Ne«-o Cncy -
1994

198 Electromagnetic Radiation

Trans-
parency of
water 10
visible light

The charactenstic and discrete energies Av found as
emission and absorption of electromagnetic radiation by
atoms and molecules extend to X-ray energies. As high-
energy electrons strike the piece of metal in an X-ray tube,
electrons are knocked out of the inner energy shell of the
atoms. These vacancies are then filled by electrons from
the second or third shell; emitted in the process are X rays
having Av values that correspond to the energy differences
of the shells. One therefore observes not only the con-
tinuous spectrum of the bremsstrahlung discussed above
but also X-ray emissions of discrete energies hv that are
characteristic of the:specific elemental composition of the
metal struck by the energetic electrons in the X-ray tube.

The discrete electromagnetic radiation energies Av emit-
ted or absorbed by all substances reflect'the discreteness
of the internal energies of all material things. This means
that window glass and water are transparent to visible
light; they cannot absorb these visible light quanta because
their internal energies are such that no energy difference
between a higher and a lower internal state matches the
energy hv of visible light. Figure 3 shows as an-example
the coefficient of absorption of water as a function of
frequency v of electromagnetic radiation. Above the scale
of frequencies, the corresponding scales of photon energy
hv and wavelength A are given. An absorption coefficient
a= 10~ cm™' means that the intensity of electromagnetic
radiation is only one-third its original value after passing
through 100 metres of water. When a=1cm™', only a
layer one centimetre thick is needed to decrease the inten-
sity to one-third its original value, and, for = 10> cm, a
layer of water having a thickness of this page is sufficient
to attenuate electromagnetic radiation by that much. The
transparency of water to visible light, marked by the verti-
cal dashed lines, is a remarkable feature that is significant
for life on Earth.

From J.D. Jackson, Classical Electrocynemics, copyrght © 1975 by ohn Wiey & Sons, Inc.
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Figure 3: The absorption coefficient for liquid water as a
function of frequency.
Also shown as abscissas are an energy scale {arrows) and
a waveiength scale (vertical fines). The visible region of the
frequency spectrum is indicated by the vertical dashed lines.
The absorption coefficient for seawater is danoted by the
dashed diagonal line at the left. The scales are k)gamhmc in
both directions.

All things look so different and have different colours
because of their different sets of internal discrete energies,
which determine their interaction with electromagnetic
radiation. The words flooking and colours are associated
with the human detectors of electromagnetic radiation,
the eyes. Since there are instruments available for detect-
ing electromagnetic radiation of any frequency, one can
imagine that things “look™ different at all energies of the
spectrum because different materials have their own char-
acteristic sets of discrete internal energies. Even the nuclei
of atoms are composites of other elementary particles

le Poal ;e f)r FCan.ca /0/#/5)
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and thus can be excited 10 many discrete internal energy
states. Since nuclear energies are much larger than atomic
energics, the energy differences between internal energy
states are substantially larger, and the corresponding elec-
tromagnetic radiation quanta Av emiited or absorbed when
nuclei change their energies are even bigger than those
of X rays. Such quanta given off or absorbed by atomic
nuciei are called gamma rays (see The electromagnetic
spectrum above). .

PROPERTIES AND BEHAVIOUR

Scattering, reflection, and refraction. If a charged parti-
cle interacts with an electromagnetic wave, it experiences
a force proportional to the strength of the electric field
and thus is forced to change its motion in accordance with
the frequency of the electric field wave. In doing so, it
becomes a source of electromagnetic radiation of the same
frequency, as described in the previous section. The en-
ergy for the work done in accelerating the charged particle
and emitting this secondary radiation comes from and is
lost by the primary wave. This process is called scattering.

Since the energy density of the electromagnetic radiation
is proportional 1o the square of the electric field strength
and the field strength is caused by acceleration of a charge,
the energy radiated by such a charge oscillator increases
with the square of the acceleration. On the other hand, the
acceleration of an oscillator depends on the frequency of
the back-and-forth oscillation. The acceleration increases
with the square of the frequency. This leads to the impor-
tant result that the electromagnetic energy radiated by an
oscillator increases very rapidly—namely, with the square
of the square or, as one says, with the fourth power of
the frequency. Doubling the frequency thus produces an
increase in radiated energy by a factor of 16.

This rapid increase in scattering with the frequency of
electromagnetic radiation can be seen on any sunny day:
it is the reason the sky is blue and the setting Sun is red.
The higher-frequency blue light from the Sun is scattered
much more by the atoms and molecules of the Earth’s at-
mosphere than is the lower-frequency red light. Hence the
light of the setting Sun, which passes through a thick layer
of atmosphere, has much more red than yellow or blue
light, while light scattered from the sky contains much
more blue than yellow or red light.

The process of scattering, or reradiating part of the elec-
tromagnetic wave by a charge oscillator, is fundamental to
understanding the interaction of electromagnetic radiation
with solids, liquids, or any matter that contains a very
large number of charges and thus an enormous number
of charge oscillators. This also explains why a substance
that has charge oscillators of cerain frequencies absorbs
and emits radiation of those frequencies.

When electromagnetic radiation falls on a Iargc collection
of individual small charge oscillators, as in a piece of glass
or metal or a brick wall, all of these oscillators perform
oscillations in unison, following the beat of the electric
wave. As a result, all the oscillators emit secondary radi-
ation in unison (or coherently), and the total secondary
radiation coming from the solid consists of the sum of
all these secondary coherent electromagnetic waves. This
sum total yields radiation that is reflected from the surface
of the solid and radiation that goes into the solid at a
certain angle with respect to the normal of (i.e., a line
perpendicular to) the surface. The latter is the refracted
radiation that may be attenuated (absorbed) on its way
through the solid.

Superposition and interference. When two electromag-
netic waves of the same frequency superpose in space, the
resultant electric and magnetic field strength of any point
of space and time is the sum of the respective fields of the
two waves. When one forms the sum, both the magnitude
and the direction of the fields need be considered, which
means that they sum like vectors. In the special case when
two equally strong waves have their fields in the same
direction in space and time (i.e., when they are in phase),
the resultant field is twice that of each individual wave.
The resultant intensity, being proportional to the square
of the field strength, is therefore not two but four times
the intensity of each of the two superposing waves.

Signifi-
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Consequently the next thing to investigate was, if EM fields The question of whether power frequency (60 Hz)
generated by microwave radiation, would have a similar effect  electromagnetic fields (EMF) present a health risk to humans
on cell proliferation. : remains highly controversial. While a variety of biological
The field was generated by signal simulation of the Global  responses to EMF under laboratory conditions have been
System for Mobile communications (GSM) of 960 MHz. Cell  reported, the molecular mechanisms that mediate these
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In recent times the use of mobile telephones has accelerated,
resulting in an increasing exposure of the environment to
weak radiofrequency (RF) fields, transmitted fmm these
devices.
Inptevxousworkwcshowedthatcellgmwthlsaﬁectedby
exposure to weak electromagnetic (ELF) fields'.
Consequently the next thing to investigate was, if EM fields
gencmtedbynucrowaveradmuon,wwldhaveasxmﬂareﬂ'ect
on cell proliferation.

The field was generated by signal simulation of the Global
System for Mobile communications (GSM) of 960 MHz. Cell
cultures, growing in microtiter plates, weré exposed in a
specially constructed chamber, a Transverse Electromagnetic
(TEM) cell. The Specific Absorption Rate (SAR) values for
each cell well were calculated for this exposure system?.
Experiments were performed on cell cultures of transformed
human epithelial amnion cells (AMA), which were exposed
in the TEM cell to 960 MHz microwave fields at 3 different
power levels. The cells, growing in- microtiter plates in
monolayer cultures, were exposed for 20, 30 or 40 min
respectively.  Cell proliferation was determined immediately
before exposure and again after a 24 hours' growth period. It
was found that cell growth in the exposed cells differed from
that in the control and sham exposed. cells and a decrease in
cell growth was seen. Cell proliferation during the period
following exposure not only varied with the various SAR
levels, but also with the length of exposure time. On the
other hand repeated periods of exposure did not seem to

. change the effects. « There was a general linear correlation

between power level and growth changes.

However, the exposure time required to obtain the maximuri
effect was not the same for the various power levels. It turned
out that at low power level the maximum effect was first
reached after a longer exposure time. than at higher power
level. A similar phenomenon was registered in our studies on
ELF electromagnetic fields’. Here we found that there was a
linear correlation between the length of exposure time to
obtain maximum effect and the field strength. The
explanation could be found in terms of "window” effects or
adaptation, '
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The question of whether power frequency (60 Hz)
electromagnetic fields (EMF) present a health risk to humans
remains highly controversial. While a variety of biological
responses to EMF under laboratory conditions have been
reported, the molecular mechanisms that mediate these
phenomena remain elusive. Insight into the biochemical and
genetic mechanisms that transduce EMF into biologically
responsive signals is critical for clarifying the putative role of
EMF in the development of certain human cancers.

The yeast Saccharomyces cerevisiae is an ideal model
organism for studying molecular mechanisms of eukaryotic
gene expression. This single-celled fungus is highly
amenable to traditional genetic techniques. Additionally,
recombinant DNA techniques are available for yeast which
are not yet technically feasible with more complex cells,
especially those of humans. While completion of the Human
Genome Project remains at least 5-10 years away, the DNA
sequence of the entire yeast genome is now available. Thus,
experimental approaches can be designed using yeast which
are not available for the other model organisms typically used
in EMF studies.

Has studying yeast actually contributed to our understanding
of cancer in humans? An uncxpected outcome of cloning
human genes has been the discovery that many cancer-related
genes are very similar in all eukaryotes—from yeast to
humans. Numerous human genes involved in regulating cell
growth and are defective in human cancers were first
identified as CDC (cell division control) genes in yeast. First
identified in genetic studies using yeast, molectlar clones of
the yeast genes were then used to identify the homologous
genes'in humans. There is an ever-increasing list of human
cancer genes that have structural and functional homologies
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